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tomqéé) e wall of the conical separation chamber, thus giving a concentration of
denser fluids and particles adjacent thereto, while the less dense fluids are
brought toward the center of the chamber and are carried along by an inwardly-
located helical stream created by differential forces. The lighter fractions are thus
carried outwardly through the overflow outlet. The heavier particles and/or fluids
continue to spiral along the interior wall of the hydrocyclone and exit the
hydrocycione via the underflow outlet.
[0003] The fluid velocities within a hydrocyclone are high enough that the
dynamic forces produced therein are sufficiently high to overcome the effect of
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[0006] “Produced water” is the term used to refer to streams generated by the
recovery of hydrocarbons from subterranean formations that are primarily water,
but may contain significant amounts of non-aqueous contaminants dispersed
therein. Typically, produced water results from an initial separation of oil and wa-
ter, and accounts for a majority of the waste derived from the production of crude
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that contains the at least partially coalesced dispersed liquid phase. The
apparatus also includes one or more separator hydrocyclones each containing a
second separatibn chamber having a second inlet portion at one end of the
second separation chamber and a second outer wall portion throughout the first
separation chamber. Each separator hydrocyclone also contains at least one
second inlet for introducing the fluid mixture comprising the at least partially
coalesced dispersed liquid phase into the second inlet portion of the second
separation chamber to generate a swirling motion of the fluid mixture and to
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The Hrs‘f| m'l% ¢ ortich has a g‘ijga?ter cross-section diameter, taken transverse to &
longitudinal axis of the first elongate member, than the first outlet portion of the
member. The first outlet portion is configured to effuse substantially all fluid flow
egressing from the first elongate hollow member and received at the first inlet
portion. The apparatus also inciudes a second elongate member with a second
inlet portion and a second outlet portion. The second inlet portion has a greater
cross-section diameter, taken transverse to a longitudinal axis of the second
elongate member, than the second outlet portion of the second elongate
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[0014] FIG. 3 is an schematic, cross-sectional illustration of an alternate em-
bodiment of the outlet from the coalescer of FIG. 1 as well as the circulation
within the coalescer;

[0016] FIG. 4 is a schematic cross-sectional illustration of another non-restric-
tive embodiment of the apparatus contained in a single vessel for separating a

dispersed liquid phase mixed with a continuous phase as described herein;
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Wi | | QE a(%)rﬁ Pﬁt at  t ures are schenatjc
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THO Y Ry ArEE Ll BALCRAY BISt PioCKne (Bisorcalied gpajescers
hd¥eim) I.nmésme%mbmbuumbh%%@w#sapﬂ%s@ %ué%ﬁﬁ&é&l@i‘uw
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is to separate the components of a wellbore fluid involved in hydrocarbon
recovery, including, but not necessarily limited to produced water from a
subterranean formation. In a non-restrictive instance, produced water on an
offshore platform that has the contaminants sufficiently removed therefrom may
be properly disposed of in the sea.

[0021] In more detail, one non-restrictive example includes utilization of this
method to enhance removal efficiency of hydrocyclones in a produced water
treatment, where existing hydrocyciones or degassers or flotation units do not
meet oil and grease discharge requirements due to small size distribution or lean
concentration of the contaminants. Indeed, the apparatus and methods
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si ze dlstrlbutlon t her ei n.

in&,$Re0N0; vessel- INQENGE3lcInnath %’é&@'ﬁﬁﬁﬂ 9ltwaaavq;emnoament the
codlékierd aNd GRUsdmatBRthae Q&Sﬁlﬁéi%cﬁ% bebrofi Ietfo“bwjv{a ger

reC| ated that the first é@rocyc ne or coa

fUPE ap fRisestipn whichdppy PaMay nat Sertaprrgdieartbe ingidg. each of
[obdf fig rhwiﬁ&e t&VﬁitWP@%e%Ltocﬂ@- @lsiséh%xb&@‘ié?g sgﬁt%f‘n or

of "a b t hereof) does ave a conven
aRﬂﬂéaﬁJBd\ﬂ fouseparating § depeTserHiguichphasecgonhkined withkeat ch

oinfI4S RGNS pRAGE T F M8 TEERE IS it Slp fai 0B BF .
pressuresesss 1drormhafmﬁleer éroenalossire rat écast bnefiest coalescer or

el 4T ofly FHERAEY T b P BSOSt iR S R BEdPoe o7«

sexoAd emrtgatemotlm mlemlmedzzlm SnénssiMithhgusib&dimehbherein, the
|ternati ve enbodi nent,

en i,n ano tional
ffgwcﬁ%e@a& ﬁa n%?e’ﬁéqaqr@r%Z haxpoenesally tapered
profies ia8rseh IPFRES! £ 3, 9l Vs Sarlorconical profiles. Vessel 12 has an

inlet 14 for accepting the fluid mixture 16 into inlet chamber 18 of vessel 12. This
permits fluid mixture 16 to enter first separation chamber 20 of first coalescer 11
via first inlet portion 24 at one end (larger left end in FIG. 1) of the separation
chamber 20, where the separation chamber 20 is defined by a first outer wall
portion 25 throughout the first separation chamber 20.

[0025] In the known operation of hydrocyclones, the fluid velocity of fluid mix-
ture 16 introduced into first inlet portion 24 through first inlet 26 generates a
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16 tubular tail section which may or may not be
tapered on the inside. 17 [0024] Shown in nore detail

Wbtzhesrn{ﬁﬁga to FIG 1 is an exenplary system ’lhf&&%0071011461

apparatus 10 for separating a dispersed |iqui

conbined with a 19 continuous |liquid phase in a fluid

m xture, where the apparatus includes a 20 pressure
vessel 12 or other container or enclosure, at |east

one first coal escer or 21 first elongate hol | ow nenber
switlinghgnotien péa@t%ﬁ dhe fissh separationy ahauapeﬂ Ahthapat least partially

|
e SRR N B ContalyheT Bropfils el
ong npﬁﬂﬁ%ﬂ%@ﬂhqdlm&dt szlhhathhgéribeafortgx isganerated along the
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The sepex ogswiningfratiah 30 )ashmrrﬂlﬁfTwegiétail iptthe mdds6 egeclién
12. Thi ermts uid mxture 16 to
S‘ij}ﬁ"é?et'cr'ﬁﬁ{a%geﬁgﬁﬁﬁ 2:gnlochan‘oer 20 of first coal escer
[onzslz TVAgilllistratbd | daRiscBO11 deas Abt mbluea%necwérﬂdvaw@ét that
e separation anbe
el SR B T Aok B By B ot b daes

ineliiderat\edst oR8 oﬂﬂéﬁdrqﬁst%@tlbf‘%&ﬁgﬁ% atttlh’k-?ofﬁe'i' ehd thereof. In

separation chanb . I'n the known
o eeaﬂlmwmhg@lrr@@ymedﬁétsmleﬁ n@rtiolnla@aaea greater erpss-section

dl%}éﬁttlgr fﬁk?ﬂ t%wér%ﬁ%ﬁ?l r‘gﬁd‘l nﬁﬁgﬁ%%’go etfl';éfﬂs% einghte member

rou
1D.0ban teshzsadit usﬂmmm ThéBbrteswir smmm I'ITMIDD BOanscharges a

i ifttnd B2 A cohlsits. & A0S Mt G haiscad ihudl e dnto

infe@m@diate Ohél?maﬂulbf @GS%@I f? Slg ?mlt&heea,?gtéﬁ%tedl tpﬁgthsgrﬁsenxo par-
ctive e men

tiglia ééff@ﬁ‘gldeﬂ' leyel @ C?ﬂ%sqmt‘-ﬁﬁ%@t Ay pr %@ﬁﬁ@g.%cgpw ag-

vahitedor i@H Imixte 92, érﬂﬁthﬁt Bi%y d@ér‘éﬁgzﬁ‘tlé‘ve'i‘ ot b%ms fthalt1-

5 The vortex or swirling notion IS shown I n nore
impseves thepverall sepgeatios ¢l©rme@‘dh@ ﬁﬂpazatus 19 s sufficient for the

Bl sha 0% Ehefiin 10 biSbhaherba SRALESET ARG ORb

I ncl over oW ou prcal
archapraratusshengiashoyldl increase thehsepaatatym efficienty as eofpatad

w8 BB SoPhh 0 SB A F Pl cncver

way firstioutlet portieni28ds cenfigurée td effsse sutistdntially til doidRtbvwhas
di aneter, . taken tr

oS5 iy FRTR AoEa Rot e 11, <t GogaeS e st e

potfdil 24t han the first outlet portion 28. The vortex or

wi.rling notion 30 discharges a 13 fluid m xture 32
001 Ealy ceaipsced flyig £8ixtuse 32ipasses kvserasaton hydiggyelone

orl%ééﬁd elénBate hollow member 22 having a second separation chamber 36
having a second outer wall portion 35 throughout the second separation
chamber 36 with a second inlet portion 38 at the larger (right) end of the second
separation chamber 36. Separator hydrocyclone 22 has at least one second intet
40 in the larger {right) end of the second separation chamber 36 for introducing
the partially coalesced fluid mixture 32 into the second inlet portion 38 of the
second separation chamber 36 to generate a swirling motion‘ of the fluid mixture
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14 internedi ate chanber 34 of vessel 12. It will be
appreciated that there is no par- 15 ticular threshold

‘?ng%ﬁ%%zggf coal escence that may or coul d be Wﬁgz'o@%u“l

vance for fluid mxture 32, and that
degree or level of coal escence that 17 inproves the
overal | separation efficiency of the apparatus 10 is
sufficient for the 18 method and apparatus herein to
be consi dered successful. That is, the nethod 19 and
ang p putstantially separetmnecatilerst partially nealesgerd iquidphase, e.g.,

o orRan i T TR inioldbh el o, WaGe 5 ABRRSRY
swafgte bafe:ms lp@anii tbat ataeast acwajoriyuigeesteothanfbiselume %) of
f
BRIl bl ose WhelliS bRerifad 8670 sBR PR
sgpargted; altemathelyat IBa&irBMI % of {re0d|eseadtliqaid phase is
SqiHaea By I n® S RARETENE of RBY 80 861w ossne
coalesaey liguibplase prepertas separateainiae cﬁﬁsutié {éf]fem toca ﬁ%ecific
Q e secpn

oS REAA B, A0 sy bEERABHR e SERY
sisstaritially sepanatper ln(acg(gsﬂm)gce nﬂth;ﬁpetitbg&%@dl lgeal’&etzrgalh

r epar at or rocycl one as
p%r?ﬂfeé%to?@h%ngg@ ']em et IO29 40 | nyt he I>/ar ger (right)
[0028] OdedmateEﬁWrdcmﬂi 22 bRH |ﬁél@d¢éeét I§§stfd?fe overflow outlet or

i nt r.oduc 30 the partially coal esced uid m xture
f prtia

segong RAgtar qi'ﬁq?farglﬁaﬁ relaiively less dweamams@ﬁaqwd

PSSR e 2 A o

leh 4 Overflowipstiand2 alaybesegaxiahwithteheortex firetes (ngishoa) iny
hﬁ?@éme B3 Lt ahs Bﬁﬁ%ﬁaﬁag h&&ro%%{%‘%é pY. Waﬂ@(%&nd ina

cont I NUoUS p
hydsotysiomet aalid knd@vrsinthe artefn e aomhrrﬁtnnmnbodhhﬁint ahe second

t { t.h 50
infeS BBlioR PhH 1 Dl S5 e tBR igMelerylaKen fknSvarse b a fon-
gitsidinal GRiv{net shevn) of feegtoat elbngitd ﬁfdrwﬁer\ad YhaH the&R8bnd
vol . % Qf the coal esced |iquid phase is 6 separated,
”i'ﬁ&p?rrﬁ‘oﬁ her non-limting enbodi ment, at |east 90

[00291 %a@batdwr ﬂy&@@cﬁﬁ@% ba&iﬂbﬁ’aughﬁa@dé& §ﬁ€§§t drie underflow

garate he cut” size refers a specific 8
01&5'6 P'éﬁ'?ifﬁM*GEIPQTEOIﬂ B0ontthe othereendi ofithe iseconghseparation cham-

oo SBARA S5 BB R sl i RSP0l Al 1G5 e
depse digeidgrhase52t (eq. hefanifeeslywatengof thé fiRIOABturSeRalatively more
def}¥8 ligTIGNANE 52 erteR UndBriow Satidt chafber 54'57 vaysal 12 and
exits vessel 12 through underflow outlet 56. In another non-restrictive version,
second inlet portion 38 is upstream of the second and third outlet portions, 42
and 50, respectively, and in another non-limiting embodiment the second inlet
portion 38 is physically intermediate the second and third outlet portions, 42 and
50, respectively. Further in another non-limiting embodiment, second outlet
portion 42 of the second elongate hollow member 22 and located toward one

side of the inlet portion 38 of the second elongate hollow member 22. Third
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12 second outlet portion 42 for discharging a
relatively |l ess dense coal esced |iquid 13 phase 44

Btzﬁﬂs%(sﬁizﬁl ow outl et chamber 46 of vessel 12 aﬁ?r 007/011461
t hrough overflow out- 14 let 48. Overfl ow outl ’H%Z !

may be coaxial wth a vortex finder (not shown) in 15
hydrocycl one 22 on the axis of separator hydrocyclone
22 typically found in a 16 hydrocycl one, as is known

in.the, ar %n one non-limting enbodi nent, the second
oljfet Jﬂ°étl°"péﬁ‘ e S§8°%§'°§Qg§ﬂém"ew rBembsr 22 mayde located on
afll bﬁ{ﬂ@é@r sidé %mhhfs%%r‘{@ it é:[o%& {JSJBf thé%e%gg @ic{?@%@ﬁﬁw

of the second
rr@émﬂﬁaz Lhe secort outint psmztnonzcz $iibe Secorp aloagate hollow
mi g?clone 22 additionally includes at |east one
un erf ow 21 outlet or third outlet portion 50 on the

[0080r Telmmlappﬁaratus aresysted Bwat Iahstqrnetﬁlﬂm:o%xhﬁcfat%ﬁ pathway

t f tlet 42 f
b‘%“"’%@ﬂi ﬁ'tgaat o Qe 33;55‘1%‘? €08JasGes 14 And thaal Iaashaae sec-
orfcintet 400$fahe ft I%@st/\@ﬁé?éépé?éto? hw&bm@;&tzt |2Eﬁ% non- limiting

24 d | d
elfodierS el B e Akmmunioptiobabmay 2 umemtex. ts
cheraiser| 341 RolvByen aQ winge %&ér%tﬁéﬁ bftérn ér%- cdrmggl%%'ﬂ@f

@restrlctlve Versi on, second | rTion 3
ﬁf"g by BRP¥edt he second and th| rd outlet portions, 42

[O@§1P”@‘>h%%n ih§3@estd ¥§'e¥a|lea gﬂwa%%ﬂaeg ggefbr{dl MubirS8on of

di ment the second I nl et
Oqﬁw@tstleé 80|fiom theparew &nd of the m@mr dAovhdrne thie Buid neikture 32

nBOEIHRS a4 8 R ol SRR s M e s
sh@@emp@nm@rafpe‘nhmssﬂﬁ:«nnﬂweeﬂ:adygat&némlth@\enmﬁ’ﬂﬂ tall 3e8tich of
the A 8ESEer B i, AEHAINGRCAS G her @y Bhebe AR yanation, syiable
fopmetappncaﬂarpénd Beateg avrhetlep Q8RStAICHON loP M ESHISEcef 41MBY

|l o on an opposite side fromthe second iniet
IO@ﬁ?rlt eappf%at&@ dstdiret sspgeationiehiamber 20rassfirstinterior
dlagrlﬁgtneg Igf?%t%%%o o7 aHHtttHéitseEBﬁ% sgﬁarﬁﬁ%@éﬁrﬂ@ﬁfg@ ggg g second inte-
riop diasyeter W h&%ﬂw twoediametare niaybedideoticalnit wilt mmapnmeblatm/

8 R TR ERpe A nETRon S o bbiGtraeR Rl RoosRauiandy
digreeler wilhiee smalierthan ting firsb ayerdarrdiaraéter. This lde5|gn has the effect
n3he \bfTbs bF Gy EREY T B8 of foaprehn Thebnpriies At Gforce and
thmemmg motien ot hbribewhisianhe eép@rator@2t gdridpites a second G-force,
whepe n{heggéc%tndog Jorce) IS equa]l%clJJ %?fglyelaltgr tﬁg}}) tf?ey ﬁr%'t G-force. However,
it wili be appreciated that in other alternate versions the second G-force may be
less than the first G-force. In one non-limiting embodiment, the first G-force may
be in the order of 100s, whereas the second G-force may be of the same magni-
tude or higher depending on the geometry of the second hydrocyclone or combi-
nation of geometry or number of batch of hydrocyclones. The G is defined herein
as a unit measuring the inertial stress on a body undergoing rapid acceleration,

expressed in multiples of the acceleration of one earth gravity.
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11[ 0031] Shown in FIG 2 is a detailed, schematic,
cross-sectional illustration of 12 one outlet 60 from

%Bg?&%wzgg end of the coal escer 11 where the fl,ICJ.,IL/l%2007’,011461

xture 13 that contains an at |east parti al
coal esced liquid phase exits through the sl ot 14 shape
openi ng or openings 28 on the body and near the end of
the tail section of 15 the coal escer 11. The openi ngs
may be of any shape and variation suitable 16 for
mOﬁa] ap‘ﬁﬂquhlﬂl FIP. 4risl apathpr eenbpdiment of the inventionappacatus 70

B 2Ry and i M5kl v L AR Bl 2

Sirgilad |Campeent(smtelahemwlhhel gtvleatswelmmeiérermmaimnenals as

e G S I e e N T T T

vegsel £2 thabegh metﬂhatadvano@estcb intetmtaider Fated] ebs tmfough
e second. interior 21di aneter w |

onatinGb ¥ b wei 28, ansLsroresess inGrparseer shamber siand through

in@&lsgﬂcba@séé}eméé 86écribédtdnalet he vortex or swirling
enerates a first Gforce

on 30 of coal escer 11
1051% 2\ prtablishediahgvenin th@mg Igrussiontol X1GBt hiand ta the fluid
vél@cl?i%I cgtf%df fd hixtEenRy ﬁfr@&*c?édsiﬁﬁaoﬁ}gt |ﬂfeft ?H %p%%ré{]ﬁlet

secon orce is equal to or reat
2@ generates a-pwicling motien ot vartdx 3Cbna the ﬁrﬁ cepamtion ichambaer 20

|.ternat f be 2
L B0 A oS WSS ofshe 65, FRghind
d’E’M gﬂpe‘b) to lgivef attﬂsast @ﬂmgy goa!e‘;c&ﬂ fliie nilmtut'éf1 s.t? ﬁ’féi@i(lts
. of. s.. \Wher ea secon orce 0 e sane
'"EPa*aﬂﬁfmeEs’ﬂ\m GRRmBer Hfan@ Paa%ﬁem{ﬂ PTG EAeT fieid semmyunyeation
86 incthe FIC N ebuRR¥Rt HPiPefiie éromdu.t%&wm Inodibs‘hfed lines) that
cgeometr or nunber of batch of hydrocycl ones. 'S

Fisevthesraratos ghamber ¢hat aprrtis@B0ng the | nertl aI
[0635]S At Mhst pAARM H@é’i@f Hﬁﬂbﬂa ?ffne é;fa?éfop E?amber 88
es o t

3lexpressed I n acce lon O
erteqstIepgraion 23 at inlet [400i3tel] is ShpanatedithEred®) agd descrilrext With respect

18031506 £ KSR SRR it v

rafdr MI ai ovedloal ottt 42 iforovetflove onted ranam«eous eindi® disgharged
e nunerals as 4 those

| f
at {ivkionro el 48, Epffbsiindinany reipfvali aviep Gense bawig phasec2
ledves sbpatatbr22 aﬂ@n@e’fﬂ&ﬁ;%uﬁeb’ﬁ?ﬁﬁé urderfIBVAIMBt ﬁﬁﬁrﬁ&-ﬁrlfd and

advances to inlet chanbe In turn, roug
is disehanggd through L\NGBTﬂOY\BOUtlﬂﬁéﬁprogresses into coal escer

i as
09357 00 iy Bindy. §cFonf ShapOabaRggR o, o

damtd@ﬁe@z)maafbennwumcmw the fluremiituried! B{oelab isasy parially

t t i.nt o inlet. portion
co% f‘ék:%g gfdléhrH%ﬁJr é%z ;hré{}&%“éﬁ Spbhing d4. [5nd RbRYind iting
embodiment, the chemical coalescing agent 92 is introduced upstream of first
inlet 26, but may be introduced at other locations in addition to or alternative to
this one. The chemical coalescing agent 92 aids in coalescing the particles or
droplets of the dispersed phase {e.g., contaminant oil) together.
[0037] In another optional embodiment, a relatively clean side stream of the

dispersed phase (e.g., oil) can be introduced into the fluid mixture 16. The
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10 26 generates a swirling notion or vortex 30 in the
first separation chanber 20 1lthat at |east partially

&8@{)&%855 the dispersed |iquid phase (e.g. PCT/US2007/011461
contam nant 12droplets, oil, etc.) to gi ve at | east

partially coalesced fluid m xture 32 that exits 13
into internedi ate chanber 82 and passes into opening
84 of fluid comTunl cation 14 86 in the FIG 4

enbodi nrent a pel ine or condui t&fg _h,om,i&ﬁjash d
oveialiedfpot in @xpadied imhe e PIaTRGHOBS SPUPIORS ihielean Wy
coﬁ?%ftr%%ﬁ&%ﬁueﬂpgl SBrdn A ﬁtmtlngae?ﬁb&ﬁhbhﬂ e/ sideatreanesR is

re 32 1n separat chanber 88 17 enters
inteziused upstrein af fitsh indet Zﬁ) buhmay bedeisedunes atofiardesations in

d t t 1

a8 ¢ SE ushlle GaRB e, IlsidR Srodm 984S inl Splescing the
pa&ﬁi&lﬁr orl&gmﬁ%ﬁf tg% digpemeelr ;fhaw h(exg; | @t%nam @l)d?%gthprokw

out | et chanber an c Q. at overflow
ingsaasieg tnpg:»o ﬂYHEI é?%&ﬁ?ﬁ?eh%y nore dense
[odggtglul tghg‘jgﬁjﬁet]:ﬁ? 2it dc?lén’\@ﬁc S:ﬁfm:sncgmnﬂﬂ!mtratmdef an Q!Aﬁmate

e into underfl ow et chanber 20

nogrlsuies SEBoRIR Suaen H00 & sePaRiteg s G3pfaHa fuinbnase
m&@&’ E&H?e&}ﬁi § ?ﬁéé’@é‘é degoribeameesih whend eeaiemréﬂgaﬂﬂn a

may be introduced into

{
ﬂrmasaetémr(dcﬁematpéagﬂs et SeRATPIP, secanouassebilia Aghl ke
Sl R AP Laoor o ema T ras
ouw disclissed Figuses. dancote the smambersmOean 3 afRin SARRraE ves-

t |
oof 167355 e oaP ey LR Ol 1 s orfcton
ﬁkfz o9é’orﬂ;iflﬁt? ﬁsu%mélmecgms@as nﬁiererdlfmn thatafthe FIG. 1 or
O ets o e |.S se
e Fesigge bHEHS iggtorb GLaaNTR 130 gt as i Gestan fuid mix-
tunggf’%HPéﬁﬂgt 28Rfod g@ ﬁbméauamr@mrmrmmmm@ 84 and

| sperse hase , can be introduced into
apedrture Buurctomenamt@r @8 |9\@e same.

[0@@@2’ ?@gﬁ%ﬁﬁﬂ@ﬁg’% AL Ind 8yterhldr cpbRALs herein, FIG. 6
shidwsa Bypathetioal dmpietrs)eperaﬂoumtobabﬂﬁy inibereparRiar (6.gySepa-

STl 44 SR o EMI o o

c@{o@@ﬁdcﬂéﬁhemalesneﬁw dheadof the sapaeatoezmmll lead ﬂ@ admtlgnai

sepgamian vl s et Ane ReIBTRET ERR L urvg 8 not
cé%@é‘h@ﬁ?ﬂéé‘étgfé b:btbbam]gt dfes glbﬁ‘n Gtzermnmnagt fl'l71e same trend can
o e o b oS 94 AR S B . W8R8 i
itih§ 'eXaipf dilichfal@Patdnt €GRAICIs indicative of a similar hydrocyclone
with smaller diameter. This curve shows additional potential gain in capture prob-
ability realized by reducing the diameter of the hydrocyclone. Similar effects can
be realized by alteration of one or multiple geometrical parameters.

[0040] FIG.7isa n;uore practica! demonstration of the effect shown in FIG. 6.
Curve D is indicative of size distribution at the outlet of separator. The area
under the curve E shows the decrease in concentration of the contaminant in the
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8 non-limting enbodi mrent of a system 100 for

separating a dispersed |iquid phase 9 mxed with a
wﬁq%oisﬁi&%hs phase as described herein where coptes88J07/011461

'S Tna 10 first vessel 102 and separator 22 is in

a separate, second vessel 104. Again, like 1lreference
nunerals wll be used for |ike conponents or el enents
fromthe previ- 12 ously discussed Figures. Because

the chanbers 80 and 88 are in separate ves-,6 13 %el S
outte campareg4o the arracyndgsicyrve BeThé aphangaments; ajfibyted to the
inbledse irf @R sERdistAodtbr RiuBH ityah@ EosesEt i) aradidithe
the FIG design is different ‘fromthat of the FIG 1

separaterfZ, Curve Esshpws thatpotendial effectiob redycingrihn gepmedyical
ol | I [ | X5 :
payftlerS 35 bitier e RORREE- fotofmoll Hze SRy oF schBlor
238tb prothald cagtard probabilty oftsmaliep apedies. Thleastutingeffect is Be
. .18 [0039] _| -limti I f th

reBStanndre b ARIREFINE 1 G 6 10 shove &

hypot heti cal dropl et separation probability in the

t . g.. - 20 . h 22)... .The.

oBHEF e g S50t rblo HUE A HEBF ebfbanel i
refdreRES B §idciikterfbodiM@ntObasisteindlié expectdd @ be effective in pro-

separator 22 wll lead to additiognal 22 separatiaon,
viding enetipds aaghapparahis for serarating “’t"ﬁ'@l okt PHAS SR ur ve

efficiekly. \HowevieR di will b2 &Ad& thatdasibus aiddificatioiasd thariges can

of a %i ven size contam nant. The sane trend can gﬁf
bamagdedbersinwitheiddepartingToya S Propdst SRIHEONRAIPE Hone
ingﬁtﬁinta'é' &4 folNirOh8 dbﬁ@nhé&rbla?rﬁé.tﬁsd&]gcﬁ?@ﬁﬁhélsﬁécﬁél&t\’bn is to

eration, curve Cis indicative of a Sinmlar
benjegasdstinancilegrative ratberthasya ersiitive sensshiFor exapple, the

RSS9l Sty By o an
desedbed yaridenen tBough theyersreqtos spaeificadly lidentifiad o7 dipdoip a

‘ : . ol _ _
oglibhfanitafls, WHGiBe MHCHAF TGO TR (8 o0 SIS 0.
invérdiont Fecinskinoentherusel o mare sdrayclopedin seriasoveuldibge

ol 314 ARk BEr g Yo g, e

dispersed and tcontinuafustlinaidcphrses] and difierenttody matier other than

2008/ 063228PCT/ US2007/ 01146 0 red -
thG38 Hegiiben Hegr DaneY eV T ee e fieatBl G TR RS b Syhtron-
rekstriztide enbodmsents of thedplettion. ze di stri buti on caused by
the coal escer 11 ahead of the 3 separator 22. Curve F
shows the potential effect of reducing the geonetrical
4 paraneters of either the coal escer 11 to pronote
size distribution or separator 5 22 to pronote capture
probability of smaller species. The resulting effect
is a
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6 reduction in nmean and area under curve F. 7 8 [0041]
In the foregoing specification, the invention has been
described with 9 reference to specific enbodi nents
thereof, and is expected to be effective in pro- 10
vi di ng nmet hods and apparatus for separating m xed
liquid phases nore llefficiently. However, it will be
evi dent that various nodifications and changes can 12
be nmade thereto wi thout degdrting fromthe broader
spirit or scope of the 13invention as set forth in the
appended cl ains. Accordingly, the specificationis to

CLA regarded in an illustrative rather than a
restrictive sense For exanple, the 15 coal escers and
separators hanged or tjmzed fromtha

1. § TP RS Fo e Bl erPeerihas PREed ﬁ@#&%%ﬁ%ﬁ&?@%ﬂ?ﬂ%&ﬂ“‘d
Werﬂwafsetmtﬁm%&lufdlrmadun‘eycmrdmtngfi ed or tried in a

wi D n it eoBBRe holoinems Bk et BRST alPa fistoute

t hepartian, te finstirdetippdion hamhgpa gmaten coss-sediondiahetds dakieh

PSR o lpBbln el o A RIS inf 1 st cute
| i qpdrtiorp lwaeeshe finmtlelohdafedhaliow meniber lagks momﬂmomhfawhmm
t hoﬁ"\ ge.‘??g]tfe‘t Pﬁ@o#@ Shﬂbgé@% RAYR! dBaLAR %Qﬁﬂmdﬁﬁsﬁ?m

ha nd estrictive enbodi ne

t hefromhefirstetongatenotmamember ansreegiysgieh thedirgt gnlet portion;
separ at b%accﬁm@u&ﬁsfe%ﬁo\h hidHibdr PAVARR dcO Riet SEHibaHP

|ICIUI hase wthin a mxture conpri si ng
a f $¢°§t‘d eytish gertien. #%W%Wb@?m?{h'?ﬂ"ﬁ‘@ agreatergrogsestion
por §ibPRteR okeR ttfahé\.@i'seCtH taliGgite@nl QB of thb 8eddndElonge@tember,

ortion havin reater s-section dianeter, taken
br a3 asecerst antle 'qnuan%rtﬁ%wagmgﬁ thirskoufleRoftion:

el ongat wheRIAAE first Bt pdior ik irsfuidstmdnigtion withthewaedsral inlet
the fj rst ilongate hol | ow nenber | acks an overfl ow
out P rein the first outlet portion is configured
to eff usmelseub:ﬁé aadandlinlet pattion id upstledrh ofthe gecesd iand tHind murtlet
t he f&rst el ongate hol |l ow nenber and received at the
fir BRI et portion; a second el ongate hol | ow nenber
havi ng a second inlet portion and a second outl et
por 1 Ql: eat er
2. 07 o ThE Bhpalats ATE4R B 1, BRclertfe DR oA
physimatly intedhedidte the secofd andthiskodletipertionsgat e nenber t han
the second outlet portion, and further having a third
outl et portion; wherein the first outlet portion
3. i s The apparatusofrolaimiicwbérein the first andesecendaiengatel hotlow
the second inlet portion is
eﬁ%g[gr%g?nggﬁg ! eta%eé%ﬁ; a%d third outlet portions. 2.
The apparatus as recited in claiml1l, wherein the
second inlet portion is physically intermediate the
second and third outlet portions. 3. The apparatus of
claim1, wherein the first and second el ongate hol | ow
menbers have generally tapered profiles.



